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1. Introduction 
In a previous publication, we presented predic- 
tions for the secondary structure of eleven proteins 
from the small subunit of the Esckerickia coZi ribo- 
some [ 1 ] . The present work is an extension of these 
studies to the proteins deriving from the 50 S 
subunit. Predictive methods offer a means of assign- 
ing regions of highly probable conformation to 
proteins of known primary structure. The results can 
be related to other findings on the topography of the 
ribosomal subunits. Such an approach is valuable at a 
time when X-ray analyses of these proteins are not 
available. The predictions provide guidelines to the 
secondary structures of the proteins for directed 
studies of protein-protein neighbourhoods and the 
interactions of the proteins with the strands of ribo- 
somal RNA. 
For this purpose we applied four different predic- 
tive methods and, using the known amino acid 
sequences of these proteins, the calculated secondary 
structures were presented as diagrams showing the 
expected conformational states of each residue, i.e. 
for helix, extended structure, turn and random coil. 
Regions of highly probable secondary structure were 
derived from these histograms when at least three 
predictive methods agree about the conformational 
state of a residue [2]. 
2. Methods 
The secondary structures of the ribosomal proteins 
were predicted according to the methods of Burgess 
et al. [3], of Chou and Fasman [4,5] and Chou et al. 
[6], of Nagano [7] and of Robson and Suzuki [8], 
204 
Fortran programmes for the calculation of the pre- 
dictive algorithms were supplied by Drs H. A. Scheraga, 
K. Nagano and B. Robson. The results of the calcula- 
tions were treated as described in refs. [l] and [2], 
where more detailed information is given. However, 
in this study helices predicted for less than 
4 adjacent residues were neglected in the results of 
Robson’s and Nagano’s programmes. To these resi- 
dues the state random coil was assigned. 
3. Results 
The secondary structures predicted by the four 
methods for the ribosomal proteins LS, LIO, L12, 
L18, L25 and L29 are shown in figs l-6. The pre- 
dicted conformational states of the residues (helix, 
turn or bend, and extended structure of P-sheet) are 
represented symbolically. The definitions of the con- 
formational states have been interpreted in their 
most general sense; i.e. the state helix encompasses 
all different types of helical state, and so on. This is 
necessary in order to obviate the differences in deli- 
nitions given by the authors of the programmes. 
In this report we investigated those L-proteins 
predicted to have a high helical content. Among these 
are the proteins L7/L12, LIO and L29 and, of parti- 
cular interest, the 5 S RNA-binding proteins LS, L18 
and L25. The secondary structure predictions of the 
other L-proteins of known primary structure are 
presented elsewhere [9] . 
3.1. Protein L5 
The predictions for this 5 S RNA-binding protein 
are based on the sequence determined by Chen and 
Ehrke [IO] and are shown in fig. 1. The N-terminal 
North-Holland Publishing Company - Amsterdam 
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region up to residue 60 is relatively rich in helix; two 
helices, positions 8-18 and 41-58, followed by 
turns are strongly predicted. The secondary structures 
of the central part of the protein chain, 59-140, are 
variously predicted. Extended structure is given for 
the region 86-90; a turn for 9 l-92/94 and a mode- 
rately long helix for 94/9.5-102. A strongly predicted 
turn region, given by all methods, is to be found 
between 122 and 128. A series of turns, 141-150, 
extended structure in positions 15 l/ 152- 157, and a 
short helical region, 166- 17 1, mark the C-terminal 
portion of the L5 protein chain. 
Antibodies specific to L5 have been shown by 
immune electrori microscopy to bind in the so-called 
‘seat’ region of the 50 S subunit in proximity to the 
antibody binding sites of the other 5 S RNA-binding 
proteins, L18 and L25 [ 1 l] . The maximum length of 
protein L5 calculated for a stretched conformation 
amounts to 491 a (table 1). 
3.2. Protein L18 
The secondary structures predicted for the 5s RNA- 
binding protein L18 (fig.2) are based on the sequence 
determined by Brosius et al. [ 121. This protein is pre- 
dicted to contain five helices (14-21,46-51/52, 
53-62,69-84/85 and 103-l 13). In contrast to 
protein L5, protein L18 contains 44% helix (see 
table 1). Also in contrast to protein L5, where most 
of the helix is predicted for the N-terminal region, 
the largest and most strongly predicted helices in L18 
are located in the central part of the protein chain 
(46-84). In common with protein L5, there is a 
rather long region in protein L18 (87-102), with a 
high probability for turns, which is situated between 
two large helices. A stretch of extended structure, 
broken by a turn at about 32-34, is expected for the 
N-terminal region. 
An elongated shape for this protein has been 
found by small-angle X-ray scattering studies [ 131 . 
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Fig.2. Predicted secondary structure of protein L18. For abbreviations ee fig.1. 
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In accordance with these findings is the location of two 
antibody binding sites, in the lower protuberance 
(L18A) and in the seat region (L18B), in the 50 S 
subunit [ 1 I] . The L18 protein chain, of maximum 
calculated length of 282 A, should be easily accomo- 
dated within the approximately 100 8, distance separat- 
ing the two antibody binding sites. 
3.3. Protein L25 
The predictions for the secondary structure of this 
5 S RNA-binding protein are based on the sequence 
determined by Dovgas et al [ 141 and Bitar and 
Wittmann-Liebold [ 151 and are illustrated in fig.3. 
As was given for protein L18, a relatively high pro- 
portion of helix, amounting to 42% (table l), is 
predicted for protein L25. As in L18, the predicted 
Fig.3. 
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regions of helix are clustered mostly in the central 
part of the protein chain (37-45 and 47-59). Other 
helical regions are predicted for positions 6-10, 
69-77 and at the C-terminus (see fig.3). Adjacent to 
the central helical region at either end are two short 
stretches of extended structure (27-30 and 60-65). 
Three turns are given for protein L25 in positions 
13/14-15/17,31-33/35 and 80/81-84/85. The 
last, and most pronounced, of these is located in the 
C-terminal part of the protein chain, as was found 
for protein L18. 
Only one site of antibody attachment in the seat 
area of the 50 S subunit has been demonstrated so far 
for protein L25 [l l] . According to small-angle X-ray 
scattering studies the protein is elongated [ 131. This 
result is consistent with the calculated maximal 
I HI H ! HH 
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CHARGE - l +- l l + + + *- - -+-• +- - -+- + + - +* + l + - + 
Predicted secondary structure of protein L25. For abbreviations ee fig.1. 
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length of 239 A for L25 (table 1). An attempt has 
been made [ 161 to predict the structure of L25 from 
the amino acid sequence with the assumption that 
L2.5 has a globular shape. 
3.4.Proteins L7/L12 
The predictions of the secondary structure of this 
protein pair are based on the sequence determinations 
of Terhorst et al. [ 17,181 . The two proteins differ 
only at their N-termini: protein L7 has an IV-acetylated 
serine residue in the N-terminal position whereas, 
in protein L12, the acetyl group is absent. Both 
proteins also contain a partly N-e-methylated lysine 
residue in positjon 81. The predictions given in fig.4 
are for protein L12, and the N-e-methylated derivative 
of lysine is treated as a lysine residue. 
According to our predictions (table 1) proteins 
L7/L12 are characterised by a very high content of 
S 
F 
N 
R 
RC 
TU 
HE 
PRE 
helix which amounts to approximately 64%. Helical 
conformations are predicted for residues 6-14/20, 
21-28,34--41,45-57/60,66-71,82-95 and 
102-l 18. The regions of helix appear to be distri- 
buted throughout the whole molecule and the inter- 
vening regions are either random coil or weakly 
predicted turns. One prominent turn area is predicted 
for the region 73/75-77/78. There is little suggestion 
of extended structure for proteins L7/L12 (see fig.4). 
The high helix content of proteins L7/L12 as given 
by the predictions is in very good agreement with the 
values given for helix by earlier CD-measurements 
which range from 45-60% helical content [ 19-2 l] . 
More recent CD-measurements made with proteins 
isolated under denaturing [22] and non-denaturing 
[23] conditions are consistent with the above findings. 
According to theoretical evaluations a high degree of 
helicity for proteins L7/L12 was reported, namely 
CHARGE l - - _ _ --. ---*-- l + l * 
l _ l _ _ +_ +_. - II -- - 1 
Fig.4. Predicted secondary structure of protein L12. For abbreviations see fig. 1. 
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53% in a compact globular or 42% in an unfolded 
structure [24]. 
The helicity of proteins L7/L12 is substantially 
higher than that observed in globular proteins, such as 
haemoglobins and sperm-whale myoglobin, and an 
elongated shape has been postulated from immune 
electron microscopy [25] and from physical studies 
[26,27] for proteins L7/L12. 
From reconstitution experiments with fragments of 
proteins L7/L12 it has been demonstrated that the 
N-terminus up to position 26, including all methionine 
residues of the proteins is probably essential for their 
binding to the 50 S ribosomal subunit [28]. Thus, 
the N-terminal helix region (6-14/20 and 2 I-28) 
strongly predicted in this area should be involved in 
this function. In the 50 S model of Tischendorf et al. 
[25,29], proteins L7/L12 are found in the 50 S 
subunit folded around the exposed protuberance like 
a garland. 
3.5. Protein L29 
The predictions made for this protein are based on 
the sequence determination of Bitar [30] and are 
illustrated in fig.5. As can be seen from this figure, 
the protein is predicted to have a high degree of 
ordered secondary structure, leaving only about 29% 
for random coil (see table 1). With approximately 
67% of predicted helix, L29 is comparable to proteins 
L7/L12. The distribution of the helices is restricted 
to three areas, one of which is quite lengthy (posi- 
tions 2-3 1) whereas the others are located in posi- 
tions 40-47 and 57-60 at the C-terminus of the 
chain. 
The first two helix regions are interrupted by a 
turn 32/34-36. The area between the second and the 
third helix is predicted equivocally by the different 
methods. 
Extended structure appears rather unlikely in this 
protein. Only the method of Chou et al. [4-61 gives 
some weak indication for this conformational state 
in the C-terminal region of the protein. The maximal 
length of 133 A calculated from the predictions for 
this protein is shorter than that of some other proteins, 
e.g. S15, S18 and L28 [1,9]. Therefore, it can be sug- 
gested that L29 has a more globular structure than 
these three proteins. 
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Fig.5. Predicted secondary structure of protein L29. FOI 
abbreviations ee fig. 1. 
3.6.Protein LIO 
The predictions for this protein are based on the 
sequence determined by Heiland et al. [3 I] and are 
shown in fig.6. Predominant helices are calculated 
for the N- and C-terminal regions, the latter ones 
being more extensive than the N-terminal helix. The 
helical regions are located in positions S-18/27 and 
in the C-terminal half from 92-l 14, 133-146 and 
153-16.5. More weakly predicted, short helices are 
found in the region 36-72. The helix content of this 
protein amounts to 47% (table 1) and is comparable 
to proteins L18 and L25 which show a condensed 
helix region in the central part of the molecule. Several 
short areas of turn are indicated for protein LIO in 
positions 28-30,44-45/48, around the proline 
residue in position 78, in positions 82183~84190, 
119-121 and, less pronounced, in 146-150. A low 
content of extended structure is calculated in protein 
LIO. This is found mainly in positions 50-54 and, 
less probably, for 73-81 and 122-132. 
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Protein LlO is located in the 50 S particle near 
L7/L12 as can be concluded from the following 
findings: 
$), 
(cl 
(4 
LlO forms a complex with L7/L12 [32]. 
LIO, Ll 1 and L7/L12 can be crosslinked to each 
other [33]. 
LIO is necessary for the incorporation of L7/L12 
into 50 S core particles [34,35] . 
Ll 1 and L7/L12 are located relatively close to 
each other in the 50 S model deduced from 
immune electron microscopic studies [25]. 
4. Conclusions 
The predicted secondary structures of eleven 30 S 
proteins [ 1,2] and fourteen 50 S proteins (given in this 
report and elsewhere [93 ) differ from each other 
considerably. Some of the ribosomal proteins are pre- 
dicted to have a high degree in helix, which amounts 
to SO-67% for proteins S20, S21, L7/L12 and L29 
and to 40-50% for proteins LlO, L18 and L25. This 
tendency for helix formation is due to the high percen- 
tage of certain amino acids in these proteins: i.e. 
S20, LlO and L7/L12 contain 22%, 20% and 23% 
of alanine, respectively. Protein L29 has 19% of 
leucine and 11% of glutamine, whereas protein L25 
consists of 13% glutamic acid and 11% of valine. 
The predicted amount of extended structure, on 
the other hand, is relatively low. It does not exceed 
10% for proteins L5, Ll 0, L18 and L25. No significant 
extended structure was found for proteins L7/L12 and 
L29; this was also the case with proteins S13, S15, 
S20 and S2 1 from the small subunit [l] . A rather high 
degree of turn areas (lo-20%) predicted for many 
S-proteins has been found in proteins L5, L18 and 
L25. These turn regions, in preference to random coil, 
very frequently interrupt helical stretches or follow 
them. 
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